(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 




II 



(43) International Publication Date (10) International Publication Number 

19 April 2001 (i9.04.2ooi) pct WO 01/28088 Al 

(51) International Patent Classification 7 : H03H 7/12 (74) Agent: CONRICK, Patrick, Michael; Alcatel Australia 

limited, Intellectual Property Dept., 280 Botany Road, 

(21) International Application Number: PCT/AU00/00995 Alexandria, NSW 2015 (AU). 

(22) International Filing Date: 24 August 2000 (24.08.2000) < 81 > J^n^ed States (national): AU, CN, IL, JP, KR, SG, 



(25) Filing Language: English 

(26) Publication Language: English 



(84) Designated States (regional): European patent (DE, ES, 
FR, GB, IT). 



Published: 

(30) Priority Data: _ mh international search report 

54014/99 14 October 1999 (14.10.1999) AU P ° 

For two-letter codes and other abbreviations, refer to the "Guid- 

tl^H? ?J ^fTt US)1 J^ CAl ' anceNotes on Codes and Abbreviations" appearing* the begin- 

TEL [FR/FR]; 54, rue La Boette, F-75009 Pans (FR). ning ofeach ^ offhe pcT Qa2e[te 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): ORR, Bruce, Francis 
[AU/AU]; 8 Glenside Street, Balgowlah, NSW 2093 (AU). 



(54) Tide: ADSL FILTER 



12 



00 
00 

00 



CUSTOMER J 
EQUIPMENT "XI 
PORT , — L 

CUSTOMER 
EQUIPMENT 
PORT 



10 



209 1 



220 



ii 



13. 



2 



5 



3 



6 



LINE 
PORT 



(57) Abstract: An ADSL/POTS filter includes a switcbable impedance (220) which is inserted on the low frequency side of filter 
(2, 3, 5, 6, 7). The impedance is switched by switch (209) which is controlled by a line sensor so that the impedance is switched into 
the circuit when the telephone (44) goes off-hook. 
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ADSL FILTER 

Technical Field 

This invention relates to a filter circuit, and will be described with reference to 
an ADSL/POTS filter . 
5 Background Art 

ADSL transmission systems require low pass filters at the customer end to prevent 
high frequency ADSL signals from interfering with the POTS service and also to 
prevent HF transients from the POTS interfering with the ADSL transmission. 

In the context of a telephone line carrying both ADSL & POTS signals, it has 
1 0 been found that multiple in-line filters on a single line cause progressive degradation 
of return loss at the POTS/Line ports. 

The Application No. 36813/99 (Docket No. 120191) discloses the use of a 
switched capacitor to change the filter characteristics when the phone goes off-hook 
and to reduce the effect of multiple filters on the one line. This may, for example 
1 5 change the filter from a second order filter to a fourth order filter. 
Disclosure of the Invention 

According to the present invention we propose to use a switched impedance 
inserted on the low frequency side of the filter to change the filter characteristics 
when the customer equipment (such as a phone) goes off-hook. 
20 In a further embodiment we propose the use of a complex impedance rather 

than a capacitor as the switched impedance. In this embodiment both the filter 
rolloff characteristics and telephone sidetone performance are improved. 
Brief Description of the Drawings 

Figure 1 shows an arrangement in which the filter characteristics are altered 
25 by inserting a switched capacitance as an element of the filter. 
Figure 2 shows a circuit embodying the invention. 

Figure 3 shows an embodiment of a return loss correction circuit for use in 
the circuit of figure 2. 

Figure 4 shows an embodiment of the invention employing an innovative 
30 switching arrangement. 
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Figure 1 shows a filter arrangement incorporating a switchable capacitor, 8, 
within the filter. 

The filter includes the inductors 2, 3, 5 and 6 and the capacitor 7 as well as 
the switchable capacitor 8 connected between the junction of inductors 5 and 6 and 
5 via switch 9, the junction of inductors 2 and 3. 

When switch 9 is open and capacitor 8 is disconnected from the filter, the 
filter has a second order lowpass characteristic. Closing the switch 9 incorporates 
the capacitor 8 into the filter and substantially alters the filter performance. The filter 
then has a fourth order characteristic with faster roll-off rate and the roll-off point is 
1 0 moved to a substantially higher frequency, so that the filter passes more of the 
higher frequency band. 

In a known embodiment, described in our Application No. 36813/99 (Docket 
No. 120191), the switch 9 is a metallic switch operated by an electro-magnetic relay 
coil (not shown) incorporated in the telephone loop. Thus, when the phone goes 
15 OFF-HOOK, the relay is energized and closes the switch 9. 

According to an embodiment of our present invention, we do not modify the 
order of the filter by using a switchable capacitor as an element of the filter. 

Preferably, we provide a return loss correction function activated when the 
customer equipment goes off-hook by incorporating a switchable impedance on the 
20 low frequency side of the filter. Because we do not alter the filter characteristics, we 
reduce the consequences of the change in filter characteristics. 

As shown in the embodiment of Figure 2, we incorporate a switchable return 
loss correction circuit including impedance 220 between the customer equipment 
port and a fixed return loss correction circuit 1,4, 10, 11, 12, 13, the fixed return 
25 loss circuit providing correction over a first range, for example, 2 to 4 kHz. The 
switchable return loss correction circuit 220 by closing switch 209 provides 
correction over a wider range, e.g. 3 to 20 kHz. The fixed return loss circuit is 
balanced between the two wires of the line. 

We have found that when the filter is to match a complex impedance 
30 the return loss characteristics can be improved by using a complex impedance to 
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more nearly approximate the reference impedance than is possible with the use of a 
capacitor alone. 

As shown in Figure 3, the switchable return loss correction circuit includes a 
capacitor 221, an inductor 222, and a resistor 223. These components are chosen 
5 to optimize return loss when the line is looped. 

The fixed return loss correction circuit is automatically connected across the 
line by line sensing means such as a relay which is activated by the line current when 
the line is looped. 

In a further inventive embodiment we use a novel solid state switch instead of 
10 an electro-mechanical relay. 

According to the first embodiment of the switch there is provided a polarity 
insensitive solid state switch controlling a shunt load, the switch including: 

first and second transistors connected in anti-parallel in series with the 
shunt load; and 

15 - a longitudinal current sensor controlling the control electrodes of both 

transistors. 

Preferably, the current sensor is a current sensing resistor in series with a 
second load. Each transistor may be a bipolar transistor and the current sensing 
resistor is preferably connected between the base and emitter of each transistor. 

20 A circuit embodying this witch is shown in Figure 4. A pair of transistors 41, 

42 are connected in anti-parallel in series with a return loss correction circuit 
including capacitor 46, inductor 47 and resistor 48. A load sensing resistor 43 is 
connected between the base and emitter of each of the transistors 41 , 42, The 
transistors 41 and 42 are arranged so that they are both "OFF" when the line is not 

25 looped (no line current), and so that one or other of the transistors is "ON" when the 
line is looped (line current present) , the voltage drop across resistor 43 switching 
one of the transistor "ON" depending on the line polarity as shown resistor 43 is 
connected from the emitter to the base of transistor 41 , and from the base to emitter 
of transistor 42 assuming, e.g., that the upper line is positive with reference to the 

30 lower line. Thus the base-emitter voltage applied to transistor 41 by resistor 43 is in 
the opposite sense to that applied to transistor 42. 



WO 01/28088 



PCT/AUOO/00995 



4 

As shown in Figure 4 the switchable return loss correction circuit 46, 47, 48 is 
connected on the low frequency side of filter 412, 413, 414. In this embodiment, 
another return loss correction circuit, 409, 410, 41 1, 415, 416, 417 is connected 
between the switchable return loss correction circuit and the filter. 
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The claims defining the invention are as follows: 

1. A communication filter arrangement incorporating a switchable return loss 
correction circuit, wherein the switchable return loss correction circuit is inserted on 
one side of the filter. 

2. An arrangement as claimed in claim 1 wherein the filter is a low pass filter, 
and the switchable return loss correction circuit is inserted on the low frequency side 
of the filter. 

3. An arrangement as claimed in claim 1 or claim 2 wherein a fixed return loss 
correction circuit is inserted between the filter and the switchable return loss 
correction circuit. 

4. An arrangement as claimed in any one of claims 1 to 3 wherein the 
switchable return loss correction circuit includes a switch in series with a complex 
impedance. 

5. An arrangement as claimed in any one of claims 1 to 4 including a line 
sensor to monitor the line status, the line sensor switching the switchable return loss 
correction circuit across the line when the line is in a first condition and switching the 
switchable return loss correction circuit off when the line is in a second condition. 

6. An arrangement as claimed in claim 5 wherein the line sensor senses whether 
the line is looped as the first condition, and unlooped as the second condition. 

7. A communication line return loss arrangement substantially as herein 
described with reference to the accompanying drawings. 

8. A polarity insensitive solid state switch controlling a shunt load, the switch 
including: 

first and second transistors connected in anti-parallel in series with the 
shunt load; and 

a longitudinal current sensor controlling the control electrodes of both 

transistors. 

9. A switch as claimed in claim 8 wherein the current sensor is a current sensing 
resistor in series with a second load. 

10. A switch as claimed in claim 8 or claim 9 wherein each transistor is a bipolar 
transistor and the current sensor connects the base emitter of each transistor. 
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11. An ADSL/POTS filter including a high frequency shunt circuit in parallel with a 
telephone subset, the filter including a switch as claimed in any one of claims 1 to 4 
in series with the high frequency shunt circuit, the current sensor switching on one of 
the transistors when the phone line is looped. 
5 12. A switch as claimed in claim 3 wherein each transistor is an NPN transistor. 

1 3. A bi-directional switch substantially as herein described with reference to the 
accompanying drawings. 

14. A filter arrangement as claimed in any one of claims 1 to 6, including a 
switch as claimed in any one of claims 8 to 13. 

10 
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